I dentification of structural heart disease in asymptomatic individuals could allow early disease-modifying treatment. Echocardiography is frequently used to evaluate low-risk individuals, and there is an increasing interest in cardiovascular screening because of public awareness of unexplained cardiac deaths among adults and athletes. [1] [2] [3] Because of the low prevalence of structural heart disease among the general population, echocardiography has traditionally not been considered justified in low-risk individuals, although it is recommended in screening asymptomatic individuals with a family history of sudden death or hereditary diseases affecting the heart or the great vessels. [4] [5] [6] In the present study, we examined whether echocardiographic screening for structural heart disease in the general population improves long-term survival or reduces the risk of cardiovascular disease.
Methods

Study Population
The Tromsø Study is a population-based, prospective cohort study conducted in the municipality of Tromsø, Norway. It was initiated in 1974, with a focus on cardiovascular disease. The study design includes repeated population health surveys, to which selected birth cohorts and random samples of other cohorts were invited. The study population comprises a homogeneous population of white race/ethnicity. All inhabitants 25 years or older were invited to the fourth survey (1994) (1995) .
Of the eligible persons, 27 159 (77.0%) attended the first visit. All individuals aged 55 to 74 years and random 5% to 10% samples of the other age groups (aged 25-54 and 75-85 years) were invited to a second visit for more extensive examina-tions. The study population of the present study consisted of 6861 individuals who attended the second visit and gave written, informed consent to medical research. The Norwegian Data Inspectorate and the Regional Committee for Medical Research Ethics have approved the Tromsø Study.
Randomization
Our study was not initially planned as a randomized experiment but as part of an epidemiological study of cardiovascular disease. Participants invited to the second visit were allocated to 1 of 2 lines of examination based on simple randomization using computer-generated random numbers. Participants were randomized to avoid selection bias because only one of the lines of examination included echocardiography because of lack of capacity. This resulted in participants' being randomly allocated to echocardiographic screening or control status. There were no differences between the 2 lines with respect to other examinations. The order of echocardiographic examination was random.
Data Collection
Information on baseline cardiovascular risk factors and medication use was obtained by self-reported questionnaires and physical examination. Based on the questionnaires, participants were classified as current or never or former cigarette smokers. Trained nurses measured blood pressure using an automatic device (Dinamap; Critikon Inc). Cuff size was chosen after measuring the upper right arm circumference. After 2 minutes of seated resting, 3 recordings were obtained at 1-minute intervals. The mean value of the second and third measurements was used in the analyses. Hypertension was defined as a systolic blood pressure of 140 mm Hg or higher, a diastolic blood pressure of 90 mm Hg or higher, or the use of antihypertensive treatment. Nonfasting blood samples were obtained from all participants and were analyzed for serum lipid levels and glycated hemoglobin level at the Department of Clinical Chemistry, University Hospital of North Norway, Tromsø. Diabetes mellitus was defined as self-reported diabetes, the use of antidiabetic medication, or a glycated hemoglobin level exceeding 6.5% (to convert glycated hemoglobin level to proportion of total hemoglobin, multiply by 0.01). We calculated the 10-year risk of fatal cardiovascular disease using the Systematic Coronary Risk Evaluation estimates for low-risk countries based on age, sex, smoking habits, systolic blood pressure, total cholesterol level, and high-density lipoprotein cholesterol level. 7 There were no other screening programs for cardiovascular disease or cancer during the study period that could have biased the outcome; however, all participants underwent separate ultrasonographic examinations for abdominal aortic aneurysm and carotid artery stenosis. 8, 9 In total, 345 participants (5.0%) with abdominal aortic aneurysm and 248 participants (3.6%) with carotid artery stenosis were referred to clinical follow-up examination for the disorder in question. In addition to carotid artery stenosis, we measured carotid artery intima media thickness and plaque; however, this information was used for research only. Study participants were informed about the results of the examinations, and participants with a high cardiovascular risk profile (based on smoking habits, blood pressure, and cholesterol level) were advised to contact their family physician. 
Echocardiographic Examinations
Follow-up Examination
The predefined echocardiographic criteria for referral to clinical follow-up examination were the following: wall thickness exceeding 1.4 cm, aortic root diameter exceeding 4.5 cm, mitral stenosis (all identified participants), aortic stenosis (peak gradient >30 mm Hg), hereditary abnormalities (all suspected cases), mitral insufficiency (regurgitant jet area >4 cm 2 ), left ventricle diastolic diameter exceeding 6.5 cm, heart failure (left ventricle ejection fraction <50%), atrial fibrillation (if not receiving anticoagulant therapy), anatomical abnormalities (if clinical relevance was suspected), and aortic insufficiency (jet >30% of left ventricle outflow tract diameter or, if not measurable, jet reaching the bottom of the ventricle).
Of 362 participants who met the referral criteria, 17 were not referred for follow-up examination (5 had recently undergone extensive examinations for cardiac disease, 8 had grade 2 asymptomatic aortic or mitral insufficiency without any other pathologic conditions, and 4 were reexamined by an expert cardiologist at screening, who decided that no further follow-up examination was needed), and 55 did not attend the follow-up examination (46 missed the appointment for various reasons, and 9 died before reexamination, of which 2 were due to cardiovascular disease). The remaining 290 participants were followed up at the Division of Cardiology, University Hospital of North Norway, and were examined at least once. The follow-up evaluation included complete medical history, clinical examination, transthoracic echocardiography, resting and exercise electrocardiography, and (if clinically indicated) transesophageal echocardiography or invasive studies. Participants with verified cardiac or valvular pathologic conditions underwent standard treatment and subsequent clinical follow-up examination.
Outcomes
The primary outcome measure was death from all causes. Secondary outcome measures were sudden death, death from heart disease, and fatal and nonfatal myocardial infarction and stroke.
Information on death was collected from the Norwegian Causes of Death Registry. The underlying causes of death were coded according to the International Classification of Diseases, Ninth Revision (ICD-9) or the International Statistical Classification of Diseases, 10th Revision (ICD-10). We defined death from heart disease as death with an underlying cause of death reported as heart disease (ICD-9 codes 390-398, 402, or 404-429 or ICD-10 codes I00-I09, I11, I13, I20-I25, or I30-I52). We defined sudden death as death with the only underlying cause reported as instantaneous death or cardiac arrest (ICD-9 code 798.1 or ICD-10 codes R96.0 and I46).
An independent end point committee (M.-L.L., E.B.M., I.N., and T.W.) adjudicated cases of fatal and nonfatal myocardial infarction and stroke based on data from hospital and outpatient records, autopsy records, and death certificates. The primary and secondary outcomes were treated as dichotomous variables.
Individuals who had died or emigrated were identified through the Population Register of Norway. Follow-up time was assigned from the date of examination, and participants were followed up until the occurrence of death, emigration from Norway, or the end of the follow-up period at 15 years after the date of examination, whichever occurred first. For the analyses of incident myocardial infarction or stroke, individuals were followed up until the occurrence of the secondary outcome measure of death, emigration from the municipality of Tromsø, or the end of the follow-up period at 15 years after the date of examination, whichever occurred first.
Statistical Analysis
We examined the data according to a predefined plan. Baseline characteristics for the echocardiographic screening and control groups were reported with means (SDs) for continuous variables and with numbers (percentages) for binary variables. We used Cox proportional hazards regression models to estimate hazard ratios (95% CIs) for comparison of event rates between the study groups. Our study was not initially planned as a randomized experiment, and data on which examination line each individual had been allocated to (the randomization status) were no longer available. Therefore, we analyzed the data using the as-treated approach. Hazard ratios were calculated unadjusted and adjusted for baseline characteristics. We used the Kaplan-Meier method for time-to-event analyses and compared survival curves for screening and control groups using the log-rank test. Departure from the Cox proportional hazards regression assumption was examined by evaluation of Schönfeld residuals and by inspection of loglog survival plots. Analyses were performed unadjusted and adjusted for potential confounding factors (age, sex, smoking habits, triglycerides level, the presence of diabetes mellitus, systolic and diastolic blood pressures, self-reported history of coronary heart disease, total and high-density lipoprotein cholesterol levels, and the use of antihypertensive and cholesterol-lowering medications). We calculated absolute risk reductions and numbers needed to screen.
We performed exploratory analyses of the risk of death from all causes in the following 6 predefined subgroups: participants with hypertension, participants with diabetes mellitus, a family history of early myocardial infarction (defined as myocardial infarction in a first-degree relative <60 years of age), and participants with low, moderate, and high cardiovascular risk profiles (defined as <5%, 5%-14%, and ≥15%, respectively, 10-year risk of fatal cardiovascular disease). The subgroups were not mutually exclusive and accordingly were analyzed separately. The subgroups were analyzed individually and were adjusted for multiple comparisons using the Bonferroni method.
We analyzed the data with statistical software (STATA, version 12; StataCorp LP). All analyses used a 5% 2-sided level of significance.
Results
Baseline characteristics of the screening and control groups are given in Table 1 . In the screening group, 290 participants (8.9%) underwent follow-up examinations because of abnormal findings on the initial echocardiogram. Cardiac or valvular pathologic conditions were verified in 249 participants (7.6%) who underwent standard treatment and subsequent clinical follow-up examination ( Table 2) . During 15 follow-up years, 880 persons (26.9%) in the screening group and 989 persons (27.6%) in the control group died (Figure) . No statistically significant differences between the screening and control groups were observed in the primary or secondary outcome measures ( Table 3) . Adjustment for potential confounding factors did not change the effect estimates or significance of the results (data not shown).
Hazard ratios for death from all causes in the predefined subgroups are given in Table 4 . Adjustment for potential confounding factors did not change the effect estimates or significance of the results (data not shown). Screening reduced the risk of death from all causes in participants with a family history of early myocardial infarction but not in the other subgroups. For participants with a family history of early myocardial infarction who were allocated to the screening group, the absolute risk reduction in mortality after 15 years was 4.7%. This translates into a number needed to screen of 21 to prevent 1 death. The finding was not significant after adjustment for multiple comparisons. In this subgroup, the proportion of screened participants with pathologic findings on the initial echocardiography was 11.3%.
Discussion
This study of echocardiographic screening of the general population found similar risk of death from cardiovascular disease and death from all causes in the screening group and in the control group. The cardiac and all-cause mortality was similar to that in the general Norwegian population. 14 The study included 6861 middle-aged participants from the populationbased Tromsø Study, randomly allocated to echocardiography or control groups and followed up for 15 years. Our findings provide evidence that echocardiographic screening for structural and valvular heart disease in the general population provides no benefit for mortality or for the risk of myocardial infarction and stroke. Among the screening group, the prevalence of structural heart and valvular disease was 7.6%, and the most common finding was valvular disease. However, diagnosing asymptomatic disease is useful only if it can lead to clinical action that slows or stops progression of disease. Although sclerosis of the aortic and mitral valves has been associated with a substantial increased risk of cardiovascular disease, [15] [16] [17] we did not find that early diagnosis of valvular disease in the general population translated into reduced risk of death or cardiovascular events. This supports existing guidelines that echocardiography is not recommended for cardiovascular risk assessment in asymptomatic adults.
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The importance of our findings is that they add empirical evidence to a recommendation based on an expert consensus opinion. Although our results were negative, we believe that they are of clinical importance because they may contribute to reducing the overuse of echocardiography. The number of echocardiograms is increasing annually, and studies 1, 2 of practice patterns show that echocardiography is frequently used to evaluate asymptomatic and low-risk individuals. Furthermore, pocket mobile echocardiography may in the future become part of routine examinations at the bedside and in general practice. 18, 19 This could substantially increase the future annual number of echocardiograms among low-risk individuals. Our subgroup analyses found no benefit of echocardiographic screening for all-cause mortality for participants with hypertension, diabetes mellitus, or a high 10-year risk of fatal cardiovascular disease. The findings do not support general echocardiographic screening for structural and valvular heart disease in these patients.
Current guidelines provide no recommendations on screening for asymptomatic coronary heart disease in individuals with a family history of myocardial infarction. [20] [21] [22] Our finding that echocardiographic screening was associated with lower all-cause mortality in participants with a family history of early myocardial infarction is new and warrants confirmation. However, different effects across subgroups may occur by chance, and caution is needed in interpreting this result. 23 The magnitude of absolute mortality difference (4.7%) is implausible because only 11.3% of the screened participants in this subgroup had pathologic findings on echocardiography. The result was not significant after adjustment for multiple comparisons. This suggests that the finding in this subgroup is the result of chance. The primary end point of the present study was all-cause mortality. Although echocardiographic screening is unlikely to influence noncardiovascular mortality, we believe that allcause mortality is of more interest than disease-specific mortality in screening trials because it puts the magnitude of any benefit from screening into perspective for prospective decision making. 24 Referral to echocardiography from general practice is usually guided by clinical examination, including heart auscultation. We did not examine the usefulness of echocardiography in patients with different cardiac murmurs because the physical examination of our participants did not include heart auscultation. However, the benefit of echocardiography in examining asymptomatic individuals with cardiac murmurs is probably small because the prevalence of cardiac murmurs is high among older persons and most individuals with cardiac murmurs have normal findings on echocardiography. 25 Although echocardiography is noninvasive and does not involve irradiation, unwarranted screening is not without caveat. Further cardiac workup because of incidental findings on the echocardiogram may result in anxiety, psychological harm, and unwarranted complications, with little clinical benefit.
Strengths of the present study include a populationbased design, random allocation to echocardiographic screening or a control group, and rigorous case validation. A possible limitation is that the data were analyzed using the as-treated approach instead of the intent-to-screen approach. Although all individuals were formally randomized to echocardiographic screening or a control group, we were unable to use the intent-to-screen approach because the data on which examination line each individual was allocated to (randomization status) was not stored because the study was not initially planned as a randomized experiment. The benefit of the intent-to-screen approach instead of the as-treated approach is that it eliminates potential bias associated with nonrandom loss or crossover of participants. However, we doubt that the as-treated approach influenced the results of the present study. The information on mortality was obtained through linkage with the Norwegian Causes of Death Registry, and only 51 participants (<1%) who had emigrated from Norway were lost to follow-up data in the mortality analyses. About 5% of the individuals allocated to screening did not undergo echocardiography because of equipment malfunction or unavailability of the examiners. These participants were included as control subjects. Because the order of examination was random, the crossover from the screening group to the control group was also random. Other limitations are lack of data on possible prognostic factors such as pro-brain natriuretic peptide and functional class and on the number of participants who saw a cardiologist outside of the study. However, this is un- In conclusion, this randomized study found that echocardiographic screening for structural and valvular heart disease in the general population provided no benefit for mortality. Furthermore, no benefit was observed for the risk of myocardial infarction or stroke. 
